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REMARKS 

Favorable reconsideration of this application is respectfully requested in view 
of the following remarks. 

By way of this Amendment, Claims 1-4,6-11, 13, 14 and 1 6-20 are canceled 
and new Claims 21-40 are presented for consideration. Claims 5, 12 and 15 were 
previously canceled. 

As explained in earlier responses filed in this application, the subject matter of 
this application pertains to a fuel cell module, a fuel cell arrangement, and process 
for producing a fuel cell module for a fuel cell arrangement. As is known in the art, 
fuel cell modules are typically comprised of two electrodes (sometimes referred to by 
others as separators), a pair of catalyst plates positioned between the two 
electrodes, and a membrane positioned between the two catalyst plates. 

In the fuel cell module, fuel cell arrangement and process at issue here, the 
electrode (electrodes) is comprised of two plates that are at least partially joined or 
held together by a common seal element. The present application describes and 
illustrates that the seal element which at least partially joins or holds together the two 
plates defining each electrode can take various forms and can be integrated with 
respect to the two plates in different ways. 

By constructing the electrode (electrodes) in this way, it is possible to impart a 
desired surface topography on each side of the plate relatively easily by stamping or 
embossing the plates, if desired. When the electrode is in the form of a single plate, 
this is not possible as the negative of the embossment will occur on the opposite 
side of the electrode. Thus, with a single plate electrode structure, surface 
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topography must be imparted to the electrode surfaces in a different way such as 
through milling. 

It is understood from the various rejections set forth in the most recent Official 
Action that the previously presented claims are being broadly interpreted, and are 
being interpreted in a manner not consistent with the intended wording. That is, the 
cited references do not actually disclose that the electrode of a fuel cell module (or 
respective electrodes of a fuel cell arrangement) should be constructed as two 
separate plates at least partially joined or held together by a common seal element. 

To better define the subject matter at issue here, the previously presented 
claims are canceled, and new Claims 21-40 are presented for consideration. The 
new claims include independent Claims 21 , 25, 27, 39 and 40. Independent Claims 
21 and 25 define a fuel cell arrangement, independent Claims 27 and 39 recite a fuel 
cell module, and Claim 40 is directed to a process for producing a fuel cell module 
for a fuel cell arrangement. Each of the independent claims defines, in combination 
with the other claimed features, the electrode (electrodes) and further recites that the 
electrode (electrodes) is comprised of two separate plates at least partially joined or 
held together by a common seal element. In addition, each independent claim is 
worded to make more clear what constitutes the claimed "electrode." In this regard, 
each independent claim recites that there are no catalyst plates between the two 
plates forming the electrode. 

Thus, independent Claim 21 defines that the fuel cell arrangement comprises 
first, second and third electrodes, with each electrode being comprised of two 
separate plates held together by a common seal element of polymer material 
extending through respective openings in the plates. The present application 
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describes and illustrates (e.g., in Figs. 2 and 4-10) various versions of the common 
seal element that extends through respective holes in the separate plates forming a 
single electrode. Independent Claim 21 also recites the pair of catalyst plates 
positioned between adjacent electrodes, and the membrane position between 
adjacent pairs of catalyst plates. Further, Claim 21 defines that there are no catalyst 
plates and no membranes positioned between the two plates forming each 
respective electrode. Various drawing figures in this application such as Fig. 2 
illustrate the absence of catalyst plates and membranes between the two plates 
forming respective electrodes. 

New independent Claim 25 also defines first, second and third electrodes, 
with a pair of catalysts plates positioned between adjacent electrodes, and a 
respective membrane positioned between adjacent catalyst plates. This claim also 
defines that each of the electrodes is comprised of two separate plates held together 
by a common sealing element, wherein the common sealing element encompass at 
least a portion of the end face of the two plates and extends onto surfaces of the two 
plates that face away from one another. This arrangement of the common seal 
element relative to the two plates forming each electrode is illustrated by way of 
example in Fig. 3 and is described in the specification. Claim 25 also sets forth that 
there are no catalyst plates and no membranes positioned between the two plates 
forming each respective electrode. 

Independent Claim 27 defines that the fuel cell module comprises an 
electrode in which two separate plates are at least partially joined together by a 
common seal element, with a catalyst plate in contact with one surface of each plate. 
The claim additionally recites that each of the plates forming the electrode is 
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provided with an opening, and that the common seal element extends through the 
opening in each plate. Claim 27 further recites that there are no catalyst plates 
positioned between the two plates forming the electrode. 

Independent Claim 39 also recites that the fuel cell module comprises an 
electrode in which two separate plates are at least partially joined together by a 
common seal element, with a catalyst plate in contact with one surface of each plate. 
As claimed, the common sealing element encompasses at least a portion of the end 
face of each plate and extends onto surfaces of the two plates that face away from 
one another. The claim further recites the absence of catalyst plates between the 
two plates forming the electrode. 

Finally, Claim 40 recites a process for producing a fuel cell module for a fuel 
cell arrangement that involves inserting at least portions of two separate plates each 
provided with an opening into a casting mold, filling the casting mold with a polymer 
seal material so that the seal material adjoins the first and second plates and 
extends through the opening in each plate to form a single electrode of the fuel cell 
module for the fuel cell arrangement, and directly contacting respective surfaces of 
the two plates that face away from one another with respective catalyst plate, 
wherein there are no catalyst plates between the surfaces of the plates that face one 
another. 

Turning now to the various references cited in the most recent Official Action, 
Japanese Application Publication No. 2001-338673 discloses a fuel cell separator 
assembly seal structure in which two electrodes or separators 1 , 2 are connected by 
way of an injection molded material 19. A positive electrode 5 and a negative 
electrode 6 are positioned between the two electrodes or separators 1 , 2, and an 
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electrolyte membrane 4 is positioned between the positive and negative electrodes 

5,6. 

Thus, this reference discloses connecting together two electrodes by way of a 
molding material 19. However, the '673 Japanese application publication does not 
disclose that each electrode is made of two plates which are at least partially joined 
or held together by a molding material. More specifically, the two separators 
(electrodes) 1, 2 disclosed in the '673 Japanese application publication cannot 
correspond to the two plates forming the electrode as recited in independent Claims 
21, 25, 27 and 39 of this application because of the positive and negative electrodes 
5, 6 (i.e., catalyst plates) that are positioned between the two separators 1,2. As 
mentioned above, the independent claims in this application recite that there are no 
catalyst plates between the facing surfaces of the two plates forming the electrode. 

In addition, the '673 Japanese application publication does not disclose a 
process for producing a fuel cell module as recited in Claim 40 that involves inserting 
at least portions of two separate plates each provided with an opening into a casting 
mold, filling the casting mold with a polymer seal material so that the seal material 
adjoins the first and second plates and forms a common seal element extending 
through the opening in each plate to produce a single electrode of the fuel cell 
module, and directly contacting respective surfaces of the two plates that face away 
from one another with respective catalyst plates, and wherein there are no catalyst 
plates between the surfaces of the plates that face one another. In the '673 
Japanese application publication, the molding material 19 joins together two different 
separators or electrodes 1, 2, not two plates forming a single electrode. 
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U.S. Patent No. 6,440,594 to Kindleret al. discloses an aerosol feed direct 
methanol fuel cell. In the discussion beginning near the bottom of column 14, 
Kindler et al. describes a fuel cell configuration involving stacked membrane 
electrode assemblies in which each membrane electrode assembly is sandwiched 
between a pair of flow-modifying plates which comprise biplates and endplates, 
respectively. Kindler et al. describes beginning in the second full paragraph of 
column 15 that the biplate is a two-sided separator preventing contact between the 
anode and cathode of the fuel cell. The discussion near the bottom of column 15 
referring to Fig. 6 describes a fuel cell formed by joining an anode biplate and a 
cathode biplate. 

The comments in the Official Action seem to indicate that Kindleret al.'s 
reference to a "biplate" is a disclosure of an electrode comprised of two plates. It is 
respectfully submitted that this is not the case. Rather, the reference in Kindleret al. 
to "a biplate" is merely a shorthand reference to a bipolar plate. That is, the 
reference in Kindleret al. to a "biplate" is not a disclosure of an electrode comprised 
of two separate plates, and is not a disclosure of an electrode comprised of two 
separate plates at least partially joined or held together by way of a seal element as 
claimed. This is apparent from the illustration in Fig. 6 of Kindleret al. which 
illustrates the "biplate." An even better illustration of this can be seen in other 
relevant patents naming Kindler as an inventor. In this regard, the Examiner's 
attention is directed to U.S. Patent No. 6,254,748. This patent describes and 
illustrates (see Fig. 5 of the 748 patent) biplates 304, 305. Between adjacent pairs 
of the biplates 304, 305 (or between a biplate and an adjacent endplate 312) a 
membrane electrode assembly 302 is sandwiched. As clearly illustrated in Fig. 5 of 
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this patent, the biplate is not formed of two separate plates at least partially joined or 
held together by a seal member, but rather is a single bipolar plate. 

The Examiner's attention is also directed to the accompanying technical paper 
authored by the inventors named in the '594 Kindler et al. patent cited in the Official 
Action. This technical paper discusses direct methanol, liquid-feed fuel cell systems 
and also refers to biplates. The first few lines of the left column of page 776 of this 
paper makes clear that the term "biplate" is merely used as a shorthand reference for 
a bipolar plate. 

It is thus respectfully submitted that Kindler et al. does not disclose a fuel cell 
module or fuel cell arrangement in which the electrode (i.e., the electrode directly 
contacted on opposite surfaces by respective catalyst plates) comprises two 
separate plates at least partially joined or held together by a common seal element 
as recited in the independent claims. Assuming one of ordinary skill in the art was 
for some reason motivated to utilize Kindler et al.'s bipolar plate or biplate in the fuel 
cell module disclosed in the '673 Japanese application publication, one would simply 
replace the separator 1 (or the separator 2) in the '673 Japanese application 
publication with Kindler et al.'s bipolar plate or biplate. The result would still not be a 
fuel cell module or fuel cell arrangement as recited in the independent claims in 
which an electrode is comprised of two separate plates at least partially joined or 
held together by a common seal element, with no catalyst plate between the two 
electrode-forming plates. 

Accordingly, there exists no reason why one of ordinary skill in the art would 
have combined the disclosures in the '673 Japanese application publication and 
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Kindleret al. so as to arrive at the claimed fuel cell module, fuel cell arrangement 
and method recited in the independent claims. 

The Official Action also sets forth a prior art rejection based on the discussion 
in paragraph [0005] of the present application in view of the disclosure in Kindler, et 
al. The discussion in paragraph [0005] of the present application refers to European 
Application Publication No. 1 032 065 which discloses a fuel cell. The disclosed fuel 
cell includes individual cells 1 formed from bipolar plates 2, 3 and an interposed 
membrane electrode assembly 4. Each of the bipolar plates 2, 3 is provided with a 
groove 9 that receives a sealing element 10. This '065 European application 
publication lacks disclosure that each of the bipolar plates 2, 3 is comprised of a pair 
of separate plates at least partially joined or held together by a common seal 
member as recited in the independent claims of this application. Stated differently, 
the two bipolar plates 2, 3 cannot correspond to the claimed two separate plates 
forming the electrode as claimed because of the membrane electrode assembly 4 
interposed between the bipolar plates. As discussed above, the independent claims 
in this application recite that there are no catalyst plates between the facing surfaces 
of the two plates forming the electrode. 

Fig. 5B of the '065 European application publication shows a different version 
of the bipolar plate or electrode 3. Here, the bipolar plate or electrode 3 is provided 
with a bore 19. Seal elements 10 are positioned on opposite sides of the plate 3 and 
are interconnected to one another by way of the bore 19. However, the seal element 
10, 10 does not at least partially join or hold together two separate plates forming an 
electrode of a fuel cell module or a fuel cell arrangement as claimed. Also, the seal 
element 10, 10 does not extend through an opening in each of two separate plates 
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as recited in independent Claims 21, 27 and 40, and does not encompass at least a 
portion of an outer end face of two separate plates while also extending onto the 
surfaces of the two plates that face away from one another as set forth in 
independent Claims 25 and 39. 

In addition, as also discussed above, Kindler et al. does not disclose a fuel 
cell module in which an electrode is comprised of two separate plates at least 
partially joined or held together by a common seal element. Quite the contrary, 
Kindler et al. discloses nothing more than what is already described in the '065 
European application publication - namely an electrode in the form of a bipolar 
plate (biplate). Thus, a combination of the disclosures in the '065 European 
application publication (paragraph [0005] of the present application) considered 
together with the disclosure in Kindler et al. would not have suggested to one of 
ordinary skill in the art the fuel cell arrangement, fuel cell module and process recited 
in the independent claims of this application. 

Another rejection set forth in the Official Action involves the '673 Japanese 
application publication in view of the disclosure in U.S. Patent No. 3,615,840 to 
Wolfe, Jr. As explained above, the '673 Japanese application publication does not 
disclose an electrode of a fuel cell module in which the electrode is comprised of a 
pair of separate plates at least partially joined or held together by a seal element as 
claimed. 

The Official Action relies upon Wolfe, Jr. for its disclosure of a fuel cell in 
which the anode is preferably composed of a base stratum supporting a catalytic 
material. The Official Action goes on to note that the dictionary definition of "stratum" 
refers to one of a series of layers, levels or gradations in an order system. Based on 
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this dictionary definition, the Official Action interprets the term "stratum" as used in 
Wolfe, Jr. to refer to at least more than one plate or sheet in contact with one 
another. Even assuming this dictionary definition of "stratum" is consistent with what 
is intended by the disclosure in Wolfe, Jr., this "stratum" is not an electrode 
comprised of two separate plates at least partially joined or held together by a 
common seal element as claimed. Thus, assuming there would have been a reason 
why one of ordinary skill in the art would have looked to replace the separator 1 (or 
separator 2) disclosed in the '673 Japanese application publication with the "stratum" 
construction described in Wolfe, Jr., the result would not be a fuel cell module, fuel 
cell arrangement or process as recited in the independent claims of this application. 

The last rejection of the independent claims set forth in the most recent 
Official Action is based on the discussion in paragraph [0005] of the present 
application ('065 European application publication) in view of the disclosure in Wolfe, 
Jr. As explained above, the '065 European application publication discussed in 
paragraph [0005] of the present application and Wolfe, Jr. fail to disclose a fuel cell 
module, a fuel cell arrangement or a process as recited in the independent claims in 
which an electrode is comprised of two separate plates at least partially joined or 
held together by a common seal element, wherein the electrode us such that there 
are no catalyst plates between the two electrode-forming plates. Accordingly, there 
exists no reason why one of ordinary skill in the art would combine the disclosures in 
the '065 European application publication and Wolfe, Jr. in a manner that would 
result in the claimed fuel cell module, fuel cell arrangement and process recited in 
the independent claims of this application. 
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For at least the reasons set forth above, it is respectfully submitted that all of 
the independent claims in this application are allowable. 

As the dependent claims are allowable at least by virtue of their dependence 
upon allowable independent claims, a detailed discussion of the additional 
distinguishing aspects of the fuel cell arrangement and fuel cell module recited in the 
dependent claims is not set forth at this time. 

Withdrawal of the rejections or record and allowance of this application are 
earnestly solicited. 

Should any questions arise in connection with this application or should the 
Examiner believe that a telephone conference with the undersigned would be helpful 
in resolving any remaining issues pertaining to this application the undersigned 
respectfully requests that he be contacted at the number indicated below. 



Respectfully submitted, 



Buchanan Ingersoll & Rooney pc 



Date: October 3, 2007 




Matthew L. Schneider 
Registration No. 32,814 



P.O. Box 1404 
Alexandria, VA 22313-1404 
703 836 6620 
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ABSTRACT 

TheDrrcci Methanol, Liquid-Feed Fuel Cdlwito Proton 
Ex chance Membrane (DMLFFC/PEM) technology offer* a 
number of system advantages which on Ihe wbote compare 
ftvoiiMy with the direct hydrogen PEM fuel cell system or 
Urn indircci fuel eel) system. This paper summarizes 
prop** in coll, stack, and system development based on 
Ue Direct Methanol, Liquid-Feed Fuel Cell concept 



IWTRODUCTION . 

Several types of fuel cells that operate near ambient 
conditions arc currently under development. The 
Hydrogen ~ Oxygen WrOJ or Hydrogen-Air (Hj-Air) 
types include: phosphoric ncld type being Implemented in 
transportation applications, eg., In buses, alkaline liquid- 
electrolyte typos preaendy In use in the shuttle and the 
PEM (1*101011 Exchange Membrane) type under 
canrideradon for & number or applications. 

Uotil recently, these fad cells utilized gaseous H, directly 
or liquid fuel. eg., methanol, reformed to hydrogen as the 
fuel, pure p. or Oj in air served ns the oxidant. The use or 
it; w p fad presents some practical problems, such as 
storage system weight and volume as well as handling and 
safety issues especially for consumer and transportation 
applications. 

Indirect methanol fuel cell* use reformers to convert 
raelhenoj to II, which is then fed to tho H,-Arr fud cell. 
Methanol to a fuel ofTcrs ease of handling and storage, and 
potential Infrastructure capability for distribution. 
Methanol also has a higher theoretical energy density than 
H 2 (-JkWWI compared with 2.6kW/l for H, Uq.>. 
Rccha/£lng can be accomplished simply by adding liquid 
methanol to extend range, However, tho addition of the 
reformer to these H t *fuelcd fuel cells adds to complexity 
and cost as well as production undesirable pollutants such 
as CO. There is also so mo delay In response time. 



Direct oxidation of methanol in a PEM fuel cell Is an 
attractive alternative in view of its simplicity from a 
systems point of view. The biggest pry off 3 tor the 
DMLFFC7PBM system are the capability of efficient heat 
removal and thermal coo 00 1 through tho circulating liquid 
and dinainatfon of hurnfdifi carton required to avoid 
membrane dryoul These two characteristics have to be 
accounted for in the direct and indirect H, systems which 
impact their volume and mass. 



THE BASIC CELL CONCEPT 

Since 1991, the team at tho JPL* University of Southern 
California (USC) and Giner lac has been developing new 
materials and processes associated with die direct methanol 
fuel cell, its stack and system design (1 -71. 

The DMLFFC/PEM allows tho direct use of o aqueous, 
low concentration (3%), liquid methanol solution as the 
fud. Ah (Oj) Is the oxidant. The methanol and water react 
directly in the tin ode chamber of tho fijei cell to produce 
C0 3 and protons (H 1 ) that permeate the PEM and react 
with the oxygen at the cathode as shown m Figure I. 

The reactions are as follows: 

Anode: 

CHjOH + HjO-* CO, T * 6H'+6c (1) 
Cathode; 

6H* + 60* + 3/2 O a -» 3H,0 (2) 

Net Reaction 

CH,OH + 372 O, -» CO»t -r 2H,0 (3) 
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(PCM) 

FIGURE 1. DMLFFC/PEM CELL DESIGN CONCEPT 

The ihcnretjcal energy capability of methanol a* given In 
the above rcocu'otu is -JkW per liter based on 1.2Y7cctl. 
This is equivalent U> 161 Ampere boon for every 32 g (-40 
cm*) of methanol The present performance is 34% of this 
or 1.4 kW-hr per II wr of methanol at S0*C using 20 psig 
air. 

CELL PERFORMANCE 

Several advancas{3-6] have been made in the fabrication of 
membrane electrode assemblies for direct methanol fuel 
cells and the highest electrical performance observed Is 
shown in Figs. Z and J. 
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FIGURE 2. FSRFOKMANCEOFAIRANDO, . 

This translates into power densi lies of 230 mW/cm* ot 600 
nWcni* (equivalent to 100 A on a 153 cm* electrode) 

using air is compared to O s as (he Oxidant In shown hi 
Figure 6. 
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Tho PKM utilized Sn both Hj/air md cells and tiw 
DMLPiXVPUM is Nation 117 which works well in both 
cases but ix e high cast Item. However, a disadvantage of 
the Norton in the UMLrVC/r*EM. b 'methanol crossover' 
i.e., methanol Is dragged through the Nnflon membrane 
along with iho protons. Fortunately, the methanol and 
water react at die cathode producing the same COj and 

\\iO as al the anode. Unfortunately, it does so vrltiiout 
producinn electrons. Until recently the methanol toss was 
20*6, Even with the 20% crossover the demonstrated stack 
efficiency is 34 %. In addition to the water produced in 
the rCRcdon of H* with O, and tho methanol crossover 
which results in a reaction ot the cathode with to 
produce water, there is a third xourCc of water in tho 
cathode chamber, i.c watci dragged through dm 
membrane along with the protons and methanol 

A desired objective is to enhance the performance and 
redueo die crossover by developing a new membrane. A 
membrane material being developed at USC under the 
DART A progi-a/o appears to reduce crossover to (ess than 
10%. An additional membrane material is also bdny 
developed at JPL under the sponsorship of DTI Rnergy. 
Doth membra acs are projected to be low cost 

There are significant advantages in reducing the 
methanol crossover fn addition to Improving efficiency. 
First and foremost it reduces the amount of water produced 
at tlx: cathode. It also will tend to redueo polarization 
resulting in a higher voltage- for the same current A third 
advantage is the ability to increase the methanol 
concentration In the aqueous solution thus farther 
increasing pcrfbrmajice[4J. 



STACK DESIGN 

The stack design, shown In Figure 4 comprises multiple 
cells, each cell being an MCA. Tho voltage, current and 
peak power requirements of the application will dictate too 
stark design, i.e., the number of cells and the active 
electrode area. These in turn determine the volume and 
mass of tho fuel cell stack. The voltage- output will be 
determined by the number of cells ill scries. The electrode 
orcn. determines the current capability. Keep in mind that 
one of the advantages of this system Is (hat small increases 
In electrode area can . increase current capability 
subs Inn dally. The appropriate combination of voltage and 
current can either be supplied to the huss directly or con 
serve as input into u voltage converter. Both voltage and 
current ore afTcctod by temperature, quantity and rate of 
oxidant, and concentration and rate of fuel flow. Thus, a 
balance b«s to be achieved for each application. 



FIGURE 3. POWER PERFORMANCE OF THE 
OMLFFC/PEM 
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FIGURE -4. STACK DESIGN CONCEPT 



Separating the cdb from each other Is «. conductive and 
chcmiraify stable bipolar plate (brploic). Iu basic function 
b to provide the maximum- conductivity end minimum 
resistance 1o flow of the fuel and oxidant. It serves three 
purposes: a) provides the electronic conduciion ftom one 
oeHto the other avoiding cell interconnects, b) provides a 
flow-field for the fuel mixture and air to flow through 
manifolds to the appropriate electrode surface, and e) 
transmits the force from the cndplalea to the elftetrodes to 
maintain conductivity. The design Of the flow fields is the 
DMLFFC/PBM mist consider the feet that the fuel is in the 
liquid state and that there is i igmTtcant water flowing in the 
cathode chamber. The aqueous fuel mixture flows into mo 
anode chamber. The unused aqueous methanol and the 
CCj produced a! (he anode flow from each eel! into an exit 
manifold and then to nn exit port. The wstcr accumulated 
ei the cathode side of each ceil collects in the exit manifnkl 
and Hows to (he cathode exit port. The only product other 
than water is non-polluting CO,. 

STACK PERFORMANCE 

A five-cell slick was built at JPL during the period 1995- 
1996 for the purposes of understanding system related 
issues [7]. The performance of such a stack operating on 
ambient pressure air is shown In fig. 5. 
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FIGURE 5. PERFORMANCE OF A 5 CELL STACK 
AT 80 AND 60°C AT AIR FLOW RATES OF 5 AND 
20 LITERS PER MINUTE 



For example, In a transportation application, water 
would be circulated through a radiator of the type presently 
in use in vehicles to maintain the constant operating 
temperature. Co incidentally, It ts the same temperature 
(-90*C) that is used In vehicle radiators today. The effect 
of temperature on performance Is given in Flaurc 5 for air 
for a five cell clock . Note that although the performance 
is lower, operating at o lower current will result In the same 

voltage output. This is the ceSo for the twy military 
applications described below. 

PROJECTED PERFORMANCE 

The present electrochemical efficiency (product of 
volmgc efficiency and fuel efficiency) of live laboratory 
cells is about 34*6 when air is used as the oxidant Lc, the 
voltage of 0.S V together wlrh the methanol enwsnver 
accounting for 20% of the current. It is expected Ihst with 
a new membrane (hut restricts methanol crossover, higher 
methanol conoetitrAtioti. and improved electrode designs 
and catalysis, higher voltage and current, efficiencies 
approaching 50% levels are achievable, i.e., with 0.6V/ cell 
and <10% crossover. USC has reported Uiai a membrane is 
available (hat restricts methanol crossover to 5%. The 
projected performance is shown in Figure 6. 
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FIGURE G. PROJECTED STACK PERFORMANCE 
LEVELS AT 300 ma/cm 2 AND 90°C 

Finally. It Is projected tlnrt the cost can also be reduced 
with the new low cost membranes, lower platinum loading 
and low cost b (plates oil of which are under development. 
Further, since Platinum Is recoverable a system for trading, 
in older fuel cell stocks Is olso possible thus lowing the 



THE DMUrFC/PEM SYSTEM 

A schematic of the DMLFFC/PEM system I* given in 
Figure 7. The system comprises the methanol / water 
subsystem and the air / water subsystem. 
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Air Pmtturo p ua t C»S Stack »y)Dr*»i 

FIGURE 7. DMLFFC/PEM SYSTEM SCHEMATIC 

The methanol / wotcr subsystem provides the mechanism 
for mix lag. maintaining nnd reeding to (ho anodo chamber 
nnd return of Uk unu.icd aqueous methanol and .CO z to the 
mixing tank where tbc COj is released. The conccntraUon 
of the methanol is controlled the in the mixing chamber by 
n methanol sensor designed for that purpose. A snail pump 
or pressure device is used to move the aqueous fuel into the 
anode manifold in the stock at 0 constant pressure and flow 
rate nnd return co the mixing tank. The ability to 
redrculaie the fbcl mixture is a menu: for optimising the 
efficiency, Dccousc the CO, is in the form of a gas it is 
easily separated rmm the liquid and released from the 
mixing clumber through a gus release port. Although there 
I* 0 potential for droplet* of aqueous methanol to 
accompany the gas release, a filter will be employed to 
prevail thix from occurring, 

The air / water subsystem includes the pressure and flow 
rate of air as well est tlie retnro of the unused* air 
component* and the water produced as described above. 
The system provides maximum power with 0 3l however, 
adequate performance ht obtained with air as shown m 
Figure 5. 

Although pressurized ob- is desired in maximize 0 2 to the 
cathode, the system can provide adequate power for some 
applications by using a simple fan to prorldc air flow 
through the flow-field and across the cathode surf acq. 

The fuel cell stack temperature will determine the state of 
\rpier at iho stack exit 1 he higher the temperature, the 
Greater the fraction or waler in the vapor phase. The 
balance point appears to be near ftO°C. The water recovery 
process has to bo capable of handling (ho bslance and 
quantity of water returning to the- mixing chamber for each 
application. Controls nre needed for pumping tucJ and air 
into the appropriate manifolds. Selection of these Is 
dependent on the application. Sensors are required to 
monitor and control methanol concentration and 
temperature. A converter may be required to boost the 
voltage of a stack to the opemdng voltage. For example, a 
1 10 V xy*cm using unly fuel ceils would require a 220 cell 
stack. The fuel and oxidant How as well as continuity of 
the stack can be complex. As an alternative, u smaller 



stack or 50 cells producing 25 v can be boosted to 110V 
with a loss in efficiency of about 10%. The electrode otxa 
would hove to bo increased to account for the additional 
current and Inefficiency. However, with O.jA/on* the 
increase hi area would be rcasonabt c 

SYSTEM PERFORMANCE 

A DMMTCTEM consisting of two parallel modular 
stacks of IZ colls each supplied by Oincr Inc. designed to 
produce 50W were assembled with off the shcb* ancillary 
components. The system consisted of the tbllowiog 
com pon en tut 

Van Cot Ac J Hem Exchanger and Radiator 

Arr-Coolcd Heat Exchanger for CO, Exhaust 

Vapor/Liquid Separator 

500 ml Mixing Tank 

Liquid Pump and Air pomp 

Thermal Switches on the Stacks 

Jnkst and Outlet Temperature Indicators 

Temperature Monitor in Mixing Tank. 

Methanol Sensor and Drip Control 

Computer Monitoring and control 

The system wist operated in a cOutiilQOUS mode for 1 40 
minutes with heat up and steady stale conditions. The 
system demonstrated mass and thermal balance over ihc 
two hour period over which it was operated. The system 
was able to operate continuously at a 0.3 molar methanol 
concentration. Further studies are in progress to determine 
the nperaliiic, conditions and siting for Q 150 W system. 

SUMMARY 

Stack performance efficiency of 35% has been 
demonstrated with >40% realistically projected with lower 
cross-over momb rams. Continuum system performance 
has been demonstrated by Direct Methanol, Liquid-Feed 
Fuel CcU/PEM system. 
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